Throughout development, cells utilize feedback inhibition of receptor tyrosine kinase (RTK) signaling as an important means to direct cellular fates. In Drosophila, epidermal growth factor receptor (EGFR) activity is tightly regulated by a complex array of autoregulatory loops, involving an assortment of inhibitory proteins. One inhibitor, the transmembrane protein Kekkon1 (Kek1) functions during oogenesis in a negative feedback loop to directly attenuate EGFR activity. Kek1 contains both leucine-rich repeats (LRRs) and an immunoglobulin (Ig) domain, two of the most prevalent motifs found within metazoan genomes. Here we demonstrate that Kek1 inhibits EGFR activity during eye development and use this role to identify kek1 loss-of-function mutations that implicate the LRRs in directing receptor inhibition. Using a GMR-GAL4, UAS kek1-GFP misexpression phenotype we isolated missense mutations in the kek1 transgene affecting its ability to inhibit EGFR signaling. Genetic, molecular, and biochemical characterization of these alleles indicated that they represent two functionally distinct classes. Class I alleles directly diminish Kek1's affinity for EGFR, while class II alleles disrupt Kek1's subcellular localization, thereby indirectly affecting its ability to associate with and inhibit the receptor. All class I alleles map to the first and second LRRs of Kek1, suggesting a primary role for these two repeats in specifying association with and inhibition of EGFR. Last, our analysis implicates glycine 160 of the second LRR in regulating EGFR binding.
S IGNALING by the epidermal growth factor receptor
Consistent with their unique roles in EGFR signaling, (EGFR) plays a critical role throughout developeach of these inhibitors encodes a structurally distinct ment, where it mediates a wide array of cellular decisions molecule. Whereas Aos encodes an inhibitory ligand (Schweitzer and Shilo 1997; Dominguez et al. 1998;  and D-Cbl is a cytoplasmic inhibitor, Kek1 is a singleNilson and Schupbach 1999; Van Buskirk and Schuppass transmembrane inhibitor (Schweitzer et al. 1995; bach 1999) . In each developmental pathway, EGFR sig- Hime et al. 1997; Ghiglione et al. 1999; Pai et al. 2000 ; naling is subject to both positive and negative regulatory Bai et al. 2001) . On the extracellular side, Kek1 is commechanisms and feedback loops to ensure the approposed of an N-terminal insert, seven leucine-rich repeats priate cellular response. For example, negative regulators (LRRs) flanked by cysteine-rich regions, and a single of EGFR signaling, such as Kekkon1 (Kek1), Argos (Aos), immunoglobulin-like domain (Ig; Musacchio and Per-D-Cbl, and Echinoid (Ed), differ in their mechanism rimon 1996). Current data indicate that the extracelluof function, tissue specificity, or temporal expression lar and transmembrane domains of Kek1 suffice to inand thus contribute to EGFR signaling in different ways hibit EGFR signaling, where the LRRs are necessary to promote distinct phenotypic outcomes (Schweitzer for Kek1 function (Ghiglione et al. 1999 (Ghiglione et al. , 2003 . Hime et al. 1997; Ghiglione et al. 1999 ; Pai contrast, while the cytoplasmic domain was previously et al. 2000; Bai et al. 2001) . The establishment of dorsalreported to be dispensable for inhibition, it has been ventral polarity during oogenesis in Drosophila provides recently implicated in Kek1 trafficking (Ghiglione et one well-documented example of this, as mutations in al. 2003) . LRRs and Ig domains, which are modules for each of the inhibitors, Kek1, Aos, and D-Cbl, all display intermolecular interactions, represent the second most different phenotypes (Stevens 1998; Pai et al. 2000) . prevalent repeat and domain, respectively, within the kek1 knockouts exhibit increased spacing between the Drosophila proteome (Pruess et al. 2003) . Moreover, dorsal appendages, aos mutations result in a single wide on the basis of the presence of these modules, Kek1 appendage, and D-Cbl mutations result in complete doris a member of a multigene family that contains five salization (Stevens 1998; Wasserman and Freeman additional members in Drosophila melanogaster (Der-1998; Pai et al. 2000) . heimer et al. 2004, accompanying article) . Throughout the extracellular region these molecules share extensive sequence similarity; however, functional analysis sug-1 then mobilized to either the CyO or the third chromosome in defining Kek1 function is to identify sequence eleusing w ϩ ; Sp/CyO; ,Hu males as a source of transments in Kek1 that direct binding and inhibition of the posase. Several lines of transposed P inserts were generated EGFR.
for every suppressor and tested by P{GAL4-ninaE. GMR} and While deletion studies provide insight into the releP{GawB}CY2 to ensure that the suppression phenotypes mapped to the P insert.
vance of each module, the abundance of the LRR and Tio et al. (1994) .
crucial role in directing Kek1's interaction with and Antibody stainings: Anti-EGFR stainings on ovaries were perinhibition of the EGFR.
formed as described in Peifer et al. (1993) . Anti-EGFR was used at 1:5000. FITC-conjugated goat anti-rabbit secondary ( Jackson Immunoresearch, West Grove, PA) was utilized at 1:300.
MATERIALS AND METHODS
Cell culture and co-immunoprecipitations: Drosophila S3 cells were grown and maintained as described in Cherbas Screen for alleles of kek1: P{GAL4-ninaE.GMR}, P{UAS kek1-and Cherbas (1998) . Cells were grown to a density of ‫5ف‬ ϫ gfp}/CyO flies display a severe rough eye phenotype and were 10 6 cells/ml and transfected by electroporation. Cells were generated by standard recombination methods from stocks cotransfected with 5 g of metallothionein-GAL4 (mt-GAL4) plascontaining individual P insertions. Males were mutagenized mid (Klueg et al. 2002) , a copper-inducible GAL4 driver, and with 25 mm EMS according to previously described methods 5 g of responder DNA and induced with 1 mm CuSO 4 for (Ashburner 1989). Mutagenized males were crossed to w; 22 hr. Cells were collected and gently pelleted by centrifugaiso2; iso3 females and maintained at 25Њ (Figure 2) . A total tion at 2000 rpm and subsequently lysed in 1 ml of ice-cold of 105,000 chromosomes from straight-winged F 1 males and Fehon buffer (Fehon et al. 1990 ) containing 1 mm phenylfemales were screened for suppression of the parental phenomethylsulfonyl fluoride, 1 m leupeptin, 1 m pepstatin A, and type. From this total, 134 straight-winged suppressors ranging 0.3 m aprotinin. Lysed cells were cleared by centrifugation at from weak to complete were crossed to y w; Sco/CyO flies and 14,000 rpm for 5 min at 4Њ. Supernatant was brought up to balanced over CyO. A number of suppressors were not retained 5 ml in buffer, and antigen was immunoprecipitated with 0.5 in the F 2 due to recombination between both P insertions in l of rabbit anti-GFP (CLONTECH, Palo Alto, CA). Samples the F 1 females, mosaicism of the induced mutation in the F 1 , or were rotated for 2 hr at 4Њ and subsequently incubated with sterility. F 2 progeny were crossed to P{UAS-DNegfr} (Freeman 150 l of a 1:5 slurry of protein A Sepharose beads (Amersham-1996) to test the functional integrity of P{GAL4-ninaE.GMR} Pharmacia, Piscataway, NJ) in Fehon buffer for 1 hr at 4Њ. (Freeman 1996) and to the follicle cell driver P{GawB}CY2 (Queenan et al. 1997) to test for activity of the P{UAS-kek1-Beads were collected by gentle centrifugation (3000 rpm for 2 min at 4Њ) and washed five times in Fehon buffer. The last gfp} responder. Green fluorescent protein (GFP) fluorescence was used as a marker to verify the presence of P{UAS-kek1-gfp} two washes were performed in Fehon buffer lacking detergent. Samples were resuspended in 12 l of 2ϫ Laemmli buffer, and also to identify missense mutations. We recovered 10 suppressors, consistent with mutations in P{UAS-kek1-gfp}. To boiled for 5 min, and loaded in 8% polyacrylamide gels. Transfer to nitrocellulose membranes (Amersham-Pharmacia) was follow the suppression phenotype, both P inserts were maintained as recombinants on the second chromosome and balfollowed by Ponceau staining and subsequently blocked for 1 hr at room temperature (RT) in 5% nonfat dry milk (NFDM) anced over CyO.
To demonstrate that suppression originated from mutations with TBST (100 mm Tris, pH 7.5, 150 mm NaCl, 0.1% Tween-20). Membranes were washed twice in TBST and then incuin P{UAS-kek1-gfp}, we first generated suppressor stocks lacking P{GAL4-ninaE.GMR} by recombination. P{UAS-kek1-gfp} was bated with primary antisera at the following concentrations: Knockouts of Kekkon1 
) copies of kek1 from these hypomorphic receptor Kek1 inhibits EGFR signaling in the eye: EGFR signalbackgrounds. In all cases, reduction or elimination of ing is utilized reiteratively throughout eye development kek1 activity resulted in strong suppression of these hypoto mediate a multitude of cellular decisions, such as morphic egfr Ϫ eye phenotypes. Thus, as in oogenesis, specification, proliferation, differentiation, and survival Kek1 appears to inhibit EGFR signaling during eye de-(Xu and Rubin 1993; Freeman 1996; Kumar et al. 1998;  velopment, thereby validating the eye as a system in Kumar and Moses 2001). Although kek1 is expressed which to study the role of Kek1 in EGFR signaling. in the eye imaginal disc, whether or not Kek1 functions Isolation of suppressors of Kek1 misexpression in to attenuate EGFR signaling during eye development the eye: Within Drosophila, Kek1 is one of six Kekkon has been unclear (Musacchio and Perrimon 1996) . family members, all of which share a similar extracelluPrevious studies using deficiencies that uncover the kek1 lar structure of seven LRRs and a single Ig domain. In contrast to this common structure, misexpression experlocus reported that the null condition for kek1 displayed GMR-GAL4, UAS-kek1-gfp/CyO males were mutagenized and crossed to w; iso2; iso3 females. A total of 105,000 F 1 males and females were screened for suppression of the eye phenotype. Suppressors were crossed to a second chromosome balancer stock (yw; ScO/CyO) and balanced over CyO in the F 2 generation. F 2 stocks that maintained suppression were crossed to both a dominant negative form of EGFR (UAS-DNegfr) and a follicle cell driver (CY2-GAL4). Flies that display a severe rough eye due to DNEGFR misexpression are indicative of a fully functional GMR-GAL4 driver. Flies that display suppression of strong chorion ventralization, as observed with misexpression of Kek1-GFP in follicle cells, are indicative of a loss of function in the UAS-kek1-gfp P insert. Missense mutations in kek1-gfp were preliminarily identified by GFP fluorescence in follicle cells, which denoted that the kek1-gfp transgene was expressed and translated appropriately and that no premature stop codons were induced by mutagenesis. Ten suppressor stocks were demonstrated to contain full driver function and a decrease in responder strength.
iments indicate that not all Kek family members have in a severe rough eye phenotype in adults similar to that observed with misexpression of dominant negative the ability to inhibit EGFR activity, suggesting that this trait is likely to be unique to Kek1 (Alvarado et al.
versions of EGFR and consistent with Kek1's ability to inhibit EGFR signaling (Figures 2 and 3 ; Freeman 2004). This inhibitory function has been mapped to the extracellular and transmembrane region of Kek1, but 1996) . Using this Kek1-dependent eye phenotype we dethe specific sequences responsible have yet to be identified (Ghiglione et al. 1999) . To define the Kek1 elesigned a GFP-based genetic screen to recover LOF missense mutations in the UAS-kek1-gfp transgene (Figure ments responsible for this activity and to gain insight into the functional features that distinguish Kek1 from 2). Flies misexpressing Kek1-GFP (GMR-GAL4, UASkek1-gfp) were mutagenized and outcrossed, and the F 1 other family members, we took advantage of Kek1's inhibitory role during eye development. Due to the were screened for suppressors of the rough eye phenotype. Mutations affecting GMR-GAL4 function were idensubtle nature of endogenous Kek1 function in the eye, GMR-GAL4 was used to drive expression of UAS-kek1-tified by crossing all F 1 suppressors to a UAS-dominant negative egfr (DNegfr) line. Suppressor lines that failed gfp specifically in the eye-antennal disc. This directed misexpression of Kek1 in the developing eye resulted to produce a phenotype in combination with dominant negative epidermal growth factor receptor (DNEGFR) bined away from the GMR-GAL4 insert, retested for suppression with GMR-GAL4, and mobilized to different were assumed to represent GAL4 mutations and were not pursued further. Since kek1 missense alleles were chromosomes. New inserts for a given suppressor were tested again with GMR-GAL4. In all cases, suppression likely to be most informative, the C-terminal GFP tag was then used as a marker to distinguish missense mutations segregated with the UAS-kek1-gfp transgene consistent with intragenic mutations. Thus, from ‫000,501ف‬ hapfrom those that eliminated Kek1 expression (e.g., nonsense and frameshift mutations in kek1 or GAL4 alleles).
loid genomes screened, 10 suppressors that were functionally consistent with knockouts of kek1 (kek1 kok ) were For each of the nine remaining lines, as well as one GFP negative line (representing a putative nonsense/ recovered. These lines were then subjected to further analysis as described below. frameshift mutation), the kek1-gfp transgene was recom- 
kek1
kok alleles represent two distinct classes: The 10 5). Finally, class II lines exhibiting strong suppression generally displayed higher degrees of mislocalization suppressors range from partial to complete, suggesting that they represent an allelic LOF series for kek1 (Figures than did lines displaying moderate suppression. Knockouts of kek1 represent missense mutations in 3 and 4). In addition, given the assay used to recover these alleles, it is possible that some alleles could be eye the extracellular region: On the basis of the data above, all 10 suppressors appeared to represent mutations in specific. To address this question, all kek1 kok lines were crossed to P{GawB}CY2 (CY2-GAL4), which allowed the kek1 transgene that disrupt its ability to inhibit EGFR. To confirm this, the kek1-gfp transgene was sequenced their activity to be examined in a second tissue, the follicular epithelium. CY2-GAL4-directed misexpression from each line, including kek
191
, the putative nonsense/ frameshift allele. Changes in the kek1-gfp transgene seof wild-type Kek1-GFP inhibits EGFR in the follicle cells, resulting in strong ventralization of the chorion ( Figure  quence were identified in all cases and were found to map throughout the extracellular domain, consistent 3). In contrast, misexpression of all kek1 kok lines with CY2-GAL4 displayed strong LOF effects, consistent with with previous observations documenting the importance of this portion of Kek1. Specifically, mutations disruption of the activity of the kek1 transgene. The effects ranged from weakly ventralized to wild-type were identified in the first, second, and third LRRs, the C-terminal cysteine-rich flank (C-flank), and the Ig chorions, indicative of minimal to no Kek1 activity, respectively. The LOF effect of each putative kek1 kok allele domain ( Figure 6A ). No mutations in the signal sequence, transmembrane region, or cytoplasmic domain was comparable in oogenesis and the adult eye, indicating that no eye-specific alleles were recovered. This is were recovered. As described above, the mutations were grouped into two classes according to GFP distribution in agreement with the notion that Kek1 inhibits EGFR in multiple tissues via the same mechanism. pattern ( Table 1 ). The four class I suppressors represented changes in only two positions. Of particular interUsing the CY2-GAL4 driver, the 10 suppressor lines were also assayed for GFP expression in follicle cells est, mutations in glycine 160, located in the second LRR, were independently isolated three times. Two of these to determine if they represented putative missense or nonsense/frameshift mutations. Misexpression of wildalleles, kek1 53B and kek1
82
, encode a change to serine (G160S), whereas in the third isolate, kek1
7C
, this residue type Kek1-GFP displayed apical localization in the follicle cells of stage 10 egg chambers, similar to that has been converted to aspartic acid (G160D). All three of these alleles result in almost complete suppression. observed for endogenous EGFR (Figure 3) . Nine suppressor lines exhibited GFP expression, while 1 line exhibIn contrast, only partial suppression is observed in the last class I allele, kek1
96
, which is the result of a leucineited no GFP expression. Strikingly, analysis of the GFP expression pattern indicated that the kek1 kok alleles could to-phenylalanine (L136F) change in the first LRR. The five class II suppressors represent mutations in be grouped into two distinct classes on the basis of their subcellular distribution. Class I alleles (kek1
four different positions. Surprisingly, all of these alleles, which disrupt Kek1 localization, are changes in proline kek1 82 , and kek1 96 ) localized predominantly to the apicallateral membrane in the same manner as wild-type Kek1-residues. The partial suppressor kek1 137 encodes a P187S change in the third LRR. Proline 309, located in the GFP (Figure 3) , and kek1 176V ) displayed aberrant C-flank, is mutant in two suppressors; kek1 118 encodes a change to serine (P309S), whereas in kek1 65 P309 is localization. In these lines the distribution of Kek1-GFP appeared primarily cytoplasmic, displaying a reduced changed to leucine (P309L). kek1 82A (P329S), the strongest suppressor identified, and kek1 176V (P356S), a moderbias for the apical region of follicle cells (Figures 4 and Suppressors separated according to classes. Amino acid changes accounting for the suppression phenotype are shown. Suppressor stocks were maintained as recombinants with the GMR-GAL4 driver (stock), which were crossed to CY2-GAL4 to test suppression in the ovary. Eye phenotypes are classified as a range between mild roughness (R1) and severe roughness with a decrease in eye size (R4). Likewise, chorion phenotypes are classified according to the degree of ventralization, ranging from weak (V1) to complete ventralization (V4). GFP localization was followed in somatic follicle cells. Normal apical localization is observed with the control Kek1-GFP protein and class I suppressors, whereas class II suppressors display abnormal cellular distribution (mislocalized).
ate suppressor, are both located in the Ig domain. Fireduction in EGFR binding proportional to their phenotypic strength, while class II alleles displayed normal nally, to validate the use of GFP fluorescence as a tool to EGFR binding. These results are consistent with the discern missense from nonsense/frameshift mutations, hypothesis that class I alleles directly disrupt EGFR bindwe examined the nature of the lesion in kek1
191
, a GFPing, while class II alleles affect subcellular distribution negative suppressor. In agreement with our prediction, since their affinity for EGFR does not appear to be sequencing of kek1 191 revealed the introduction of a preotherwise compromised. mature stop codon (Q386*), which truncates the proLast, mutations in G160 were independently isolated tein within the Ig domain.
three times, suggesting that this residue is a critical All members of the Kek family display significant sedeterminant of Kek1's interaction with EGFR. Wild-type quence similarity throughout their extracellular reKek1, in addition to its ability to associate with the EGFR, gions. Comparison of the positions of the kek kok mutais also capable of associating with itself ( Figure 7B ). The tions across family members and Kek1 orthologs reveals mutation G160S, found in the alleles kek1 53B and kek1
82
, that only G160 is unique to Kek1, supporting a crucial exhibits reduced binding to EGFR, but retains wild-type role for this residue in Kek1 inhibition of EGFR (Figure activity when tested for the ability to associate with Kek1. 6B). All other positions contain residues that are conThis argues that G160S is unlikely to disrupt the overall served among other family members, suggesting that structure of Kek1, but rather supports the notion that these latter residues act in a permissive, rather than G160 functions in a specific manner to facilitate the instructive, fashion in EGFR inhibition by Kek1.
interaction between Kek1 and EGFR ( Figure 7B ). The effects of class I and class II alleles are mediated through distinct mechanisms: Because of the localization patterns of Kek1-GFP in class I vs. class II alleles, DISCUSSION we explored the possibility that loss of EGFR inhibition in the two classes occurred via different mechanisms.
Here we identify and characterize sequence elements Both EGFR and class I mutants localize apically, while in Kek1 that mediate its role in EGFR signaling. Nine class II mutants localize primarily within the cytoplasm. missense alleles were identified in kek1 and shown to Therefore, class I suppressors might directly affect the fall into two classes that disrupt normal protein function affinity of Kek1 for the EGFR, while class II alleles via distinct mechanisms. Consistent with the previously might indirectly affect inhibition by preventing colocaliascribed importance of the extracellular domain, all zation of Kek1 with the receptor. Point mutations corre-LOF mutations were located in the extracellular domain sponding to class I and II alleles were introduced into of the protein, mapping to the LRRs, C-flank, and Ig the pUAST-gfp vector and tested for their ability to interdomain. act with EGFR by co-immunoprecipitation from S3 cells Kek1 is a general inhibitor of EGFR signaling: The role of Kek1 as a negative regulator of EGFR signaling (Figure 7 ; data not shown). Class I alleles displayed a had been reported in oogenesis and it was unclear pattern of subcellular localization, were recovered. Class I alleles exhibit wild-type localization and changes map whether this effect was tissue or ligand specific. We demonstrate by LOF and GOF experiments that Kek1 to the first and second LRRs of Kek1. LRRs are generally involved in protein-protein interactions and are found inhibits EGFR signaling in the developing eye. Moreover, given the lack of an overt kek1 LOF phenotype in in a multitude of proteins and organisms, ranging from bacteria to vertebrates. Typical LRRs consist of stretches the eye, it was surprising to discover that hemizygosity for kek1 rescued EGFR hypomorphic phenotypes. Along of 21-25 amino acids and are defined by repeats of the conserved sequence LxxLxLxxN/CxL, where conservawith the previous demonstration that Kek1 functions in oogenesis, our data indicate that Kek1 functions in a tive substitutions of leucine for similar hydrophobic residues are common. However, the rest of the repeat can dose-dependent manner to attenuate EGFR signaling in multiple tissues (Ghiglione et al. 1999 ). It will be be highly divergent. Structurally, these motifs are composed of a ␤-sheet, defined by the conserved sequence, interesting to determine if this inhibitory function underlies the conservation of Kek1 over 250 million years which is connected to an ␣-helix. The entire set of LRRs is thought to form a horseshoe structure, with the hyfrom Drosophila to Anopheles (Derheimer et al. 2004, accompanying article) .
drophobic ␤-sheets lining the inside of the structure and the ␣-helices exposed to the outer surface (Kobe Class I alleles define EGFR-binding specificity: Kek family members contain a similar extracellular strucand Deisenhofer 1994 strucand Deisenhofer , 1995 Kobe and Kajava 2001) . The class I allele kek1 96 disrupts a conserved leucine ture, consisting of LRRs flanked by cysteine-rich motifs, followed by a single Ig domain. In spite of this common in the first LRR and is a partial suppressor. L136 is conserved in all Kek family members, suggesting that it structure, inhibition of EGFR signaling appears unique to Kek1 (Alvarado et al. 2004) . To define the sequence does not directly dictate EGFR-binding specificity. In addition, the amino acids surrounding L136 at the n Ϫ elements that attribute this function to Kek1, we identified knockouts of a Kek1 misexpression phenotype in 2, n Ϫ 1, and n ϩ 1 positions are highly conserved in all Kek proteins. This reinforces the notion that L136 the eye. Two classes of alleles, each displaying a distinct plays a structural rather than a direct role in association of the substituting amino acid. . Second, co-immunoprecipitation experiments between class II alleles and EGFR reveals that most class II alleles have these alleles display strong suppression of the Kek1-GFP misexpression phenotype, in both the eye and the ovary, the intrinsic ability to bind the receptor with wild-type affinity (Figure 7 ; data not shown). This strongly sugwhile exhibiting correct subcellular localization. Third, G160 is conserved in Kek1 orthologs from Drosophila gests that the suppression observed in vivo is due to reduced apical membrane localization of Kek1, consevirilis and Anopheles gambiae, but is divergent in the other Kek family members. Finally, these changes reduce the quently limiting its ability to interact with and inhibit the receptor. Thus, class II alleles define a set of distinct affinity of Kek1 for EGFR, but not for itself in co-immunoprecipitation experiments. These lines of evidence proline residues that promote Kek1 function through effects on subcellular localization. demonstrate that G160 is likely to play an instructive rather than a permissive role in mediating EGFR bindRole of the cytoplasmic domain: The cytoplasmic region of Kek1 was previously reported to be dispensable ing and inhibition. Together, the data from class I alleles suggest that the first and second LRRs function together for EGFR binding and inhibition (Ghiglione et al. 1999) . In agreement with these findings, no mutations to direct EGFR binding, consistent with recent findings that the LRRs are essential for inhibition of EGFR affecting Kek1 function were recovered in this region. Interestingly, however, the C-terminal tail (48 amino (Ghiglione et al. 2003) . The first repeat consequently may be required for the correct positioning of the secacids) represents the most highly conserved portion of Kek1 between Drosophila and Anopheles (Derheimer ond repeat in which G160 specifies EGFR binding.
Class II alleles affect Kek1 subcellular distribution : et al. 2004, accompanying article) . This portion of Kek1, like Kek2 and Kek5, contains a putative type 1 binding Notably, all class II alleles alter Kek1 subcellular localization and involve changes in proline residues that are site (S/T-X-I/V/G) for proteins containing PDZ domains. PDZ proteins often play a role in trafficking or conserved, with one exception, throughout the Kek family. Whereas EGFR, Kek1-GFP, and class I mutants localscaffolding of membrane-associated proteins (Harris and Lim 2001) . Supporting this deletion of the cytoize primarily to the apical membrane of polarized follicle cells, class II alleles localize more uniformly plasmic domain of Kek1 can disrupt its trafficking (Ghiglione et al. 2003) . However, the fact that no mutathroughout the cell and appear cytoplasmic in their distribution. Furthermore, within class II, strong suptions in the cytoplasmic domain were recovered in our screen suggests that loss of the cytoplasmic domain does pressors display higher degrees of mislocalization than do intermediate suppressors. The class II allele kek1 137 not compromise Kek1 function in the eye. This is consistent with our unpublished observations and suggests (P187S) affects the third LRR and is a suppressor with intermediate activity. This proline is conserved in all that this region may contribute to Kek1's inhibitory function in a more refined or tissue-specific fashion. Kek1 orthologs and Kek family members, with the exception of Kek6. Two alleles of moderate strength, kek1 65 Alternatively, the basis for this conservation might lie in an EGFR-independent role. and kek1
118
, both mapped to a single residue (P309) located in the C-flank. N-terminal and C-terminal cysteConclusions: Inhibition of EGFR signaling by the Kek family member, Kek1, occurs in multiple developmental ine-rich flanks are capping motifs commonly associated with LRRs and are defined by the conserved positioning processes and is mediated by the extracellular portion of Kek1. Mutations affecting Kek1's inhibitory activity of cysteine residues. All Kek family members contain a proline at the same relative position as P309. kek1 65 are spread throughout the extracellular region, but reflect different LOF mechanisms. Specificity for EGFR (P309L) behaves as a slightly stronger suppressor than kek1 118 (P309S), consistent with the higher degree of binding is likely to reside to a large degree in the second LRR at G160. This residue was mutated in three differsubcellular mislocalization in kek1 65 . This minor difference in protein localization is likely caused by the nature ent suppressors, affects the affinity of Kek1 for EGFR, be important to determine if this sequence represents 119-122. an EGFR interaction motif present in additional LRR-
